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(57) Abstract: A functional device 
formed by filling a functional material 
into a holed structural body and a method 
of manufacturing the functional device, 
the method characterized by comprising 
the steps of preparing the structural body 
having columnar members and an area 
surrounding the columnar members, 
forming a porous body by removing the 
columnar members from the structural 
body, and filling the functional material 
into the porous body, whereby various 
types of functional devices can be 
provided despite the fact that a method 
for realizing the structural body of nano 
order is not yet established. 
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omi cXKT©«&-C**nw*21t3»qi*b^. fcfc, &T*Ctt, HI 

ty^^iiDfi^) *fflvifc»^ic«wr*^ ±©wbs^&I!B£© 

5. 04Ba@4A©^4B-4BT§Jofclr®M5. 

0 3 fc£>wr, 3 0 10 3 0 11 »TilA, 3 0 12 ttglfti£JB> 

3 0 13 »T«HB» 3 0 1 3 0 15 3 0 1 6fcHSit 
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gT$>3. Mf£> 04ARtf4Bl:^T, 4 0 2 0tt«ttM^ 40 2 
ir*fe««Jt*^ 40 2 2Btt««a«©«fe 4O2 3tttt#*i6*0 
Hfil, 4 0 24»«BLT?*». 04B©Tfl!l6O5 2H. 03©Ti*»A3 
Oil. «&Ji3 0 12, TilB3 0 1 3 £££&T^bfc*>0-e&3. 

#3S9raau SI3 0 1 0©±fcfcJUBfcT»JBA3 Oil, Wttl3 0 1 
2, TMB3 0 1 3, IB&J13 0 1 4, ft»f3 0 1 5, ^bTiimS3 0 
1 6^83@£nW3 0 
tt£«BM 3 0 14 fcfcHTtt, #*tt#*9S#4 0 2 0 
(ttttcOlW) 4 0 2 lifc&fe*. *n&tt#*3B*©l*«4 0 2 2tt, ^2 

bt->U3 >fc«RUfc#&icHu mx\% 1 ~ 9 nm©«Mo, 

tttt«Ht«<3!>IBBl4 0 2 3^, flULtf 3~1 0nmO|gga©«tT@Bll$n§. 

fl*«tttt1*S6<to©iS: ! & 2 2 1~15 nm£>$&fflT& 9, ftfc*Bft*l0>ltl 
W2 3«* flULJi3~2 0 nm©tefflfl)iti&5. 

Affi^©fflJ1S*Hty«k5K:Sll$n*^U3> (^WiSiGe) 

(&s^tts iGe^) &^s*KS#«:«a£u aw*® 

Ge) $^W5/<J3>^ (WttSiGei^) WfcbTBMfcS' 

(&&v>«s iGe^bw turn wiHL+fcaatttflcaj^fe^tt 

® 5 B ^0 5 A0i 5 B - 5 Bt^Jo 
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7)V=i=LV2±zsVn>Mmft5 0 3 4H ffltTfrS-VABftS 0 3 1# 
&&mW.%m\zMW. Calo D , *0R&©«iS&Hir«k 5 iz v U n >gfcfr 
5 0 3 0*«E«$nfc*3fi*W*r*21«t*«4«ST?*S. fcufe, 7;W5r.T>Ag|j 

z<D&mfr&j&ji$!rrz>\ztZs 7)i<$-v&£z/vn><D#5mimtz&vf 

5 0 3 ldmB1r%&?fc&^7J\'%V\Z7B:m-?Z>Z.£-C&Viy 

5 031 &3itLTM9i$nz®m, itt^%zz:£tmwn?%> 
^, ->un»5o 3 oimmm<b*\zMitt£ft. <a 1 x s i ,_ x > T o,. T t 

tut, x©|gffl«x=0. 0 1~0. 2£>^KKA&;i£#W£LV>„ 

mmm{b<D&T\z* Tmm^m^iaimmvrcm^^ 3o~60sec 
<Dm\zmT?%>ci:i)W£L\,\ s&rau mmwtibomffimAm'mizmvtc 

l2©WtbTS i Ge^JIWc^lClt S i Gegfrfr5 0 3 0 

tmmwtfcwzwuk-zn, (Ai p .(si,Ge H ) t o^tj&s. t^-e, P 

©$gfflte0<p^0. 2, q©^B«0<Q<l©f6ffllCA3£<h;W£LV:>. 
ft&L<U, 0<p^0. QCDlSffl^O^q^ 1 ft 

#?£L<te, 0. 3 3 4^r^0. 50$gfflT?&£o 

©B:^5 0 3 2©iSffl#U nm-9 nmT, StKT^-^A©^ 5 0 3 3 
©I5ffl^3 nm~ 1 0 nmt*5©^K 3ft*, A 1 - S i G e <DMm&<D 
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nmzb&mZtm&A l ©ff«5 0 3 2©Wl nm-l 5 n 
mT> ft^A 1 0KKI5 0 3 3©«ffl#3nm~2 Onm^Sut^ft 

*^&tBfc«3$69JT!Kk i4A^4B©mM^4 0 2 1 £L 
l 0 MM^*t§MPt (M=Co, Fe, Ni) *3=f8,frt?Z>mm& 

|)§il0Sl4O2 2tl/Tlil~9nm©ffiffl (!(£ 2 CD;TOK: S iGe^ffl 
V^«£r«, l~15nm«K tt^M#lOF«4 0 2 3 «3 ~ 1 0 n 
mOf&ffl (I2©»SiGe^V^i^l 3~20nm©ISB) 

£$?£L<te. MIWi40 22tt3~7nm (Si2 0*f»fc:S iG 
e*«V>**&WU 5-1 Onm) X% 6WWi4 0 2 3tt4~8n 
mCDfgffl (&2©*J#K:S i Ge&fflVi 7-1 2 nm) 
$B?L 4 0 2 4©HriBMM*«* RW5Ct«K, 

#HBtt#*&#4 0 2 0ti, (A 1 x S i w ) , 0,. T jfeSfr***. d© 
<h#<Z>xCE>$&B«> x = 0.0 1~O. 2 7?fe^CltW^bVi. jg2 
©ttttfcS iGeW^d (Al, (S i, Ge,. Y ) 

M ) , O h frttZifi* ^tf©xOW0<x^0. 2T?y©S&Hte 
0<y<l*T?*5C:£#$f3:lA>. Sfc*flP*U<tt, 0<x^0. 1^5. 

y0iBttO^y^lW:t%"IW5. BM&RJBfcfcO. 
3 34^2^0. 9O||tfe0> ff$b<«:> 0. 3 34^z^0. 5©l£ 
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t*&&o ^fcttmmm&o^^co^jrytf^&tizmmmmzp t^c 

iir^^i^RTtgTfe^. L 1 0 ^M'J^ja£rW"3~-5MP t (M=Co, Fe, N 
IHgUl 3 0 14 ©"FSB \Z&WtZ>Ti&M B 3 0 1 3 t VT\$&m<&& 

m&mm*imx&z>tf* m^^zmmm^^mmm^m-r^zummmm 

ftOil^^fcciimPt; Pd, Cu, I r, Rh^<^t6©ft^ 

uhtt%(D&&^mmm35mz cood g2iRii.w<5c:£aw£i^. 

£©@Hft£<h&$Bfflrt^&*ife£ i&fifcfrSWc, W, Nb, Ti, S 
i, 0&££— mmU±.^/v^h^o £6fcx Ll 0 , LI, tfdiLl, © 

1B3 0 13^1/Tfe^ ^MCtt, MP t (M=Co, Fe, Ni), 
FePd, TiAl, CuAu&3if$.ftL?Z>-Ll o mnmm. SfcttCuP 
t £-T£L 1, Mmmm.&ftteCUs Au,Al 3 Ti,FePd,, 

N ij X (X=F e, Mn, A 1), Pt,X (X=Co, F e, Mn, Ag, 
AlK P tXj (X=Ag, Au, Fe, Mn, Ni) t? 2>L 1* M 

mm&$&*>M$ll'Th^\ ^n^T%BB3 0 1 3©@3|6j^© 

tctb\Z (0 0 1) ffifahrcMgO&&A-t2>z:£1>WmV\,\ 

zc^vmmomftxmziE-fimzi&im&wvfcm m £^5<d\z. fc 
cmmx^mmmm^mz cood @2ftLfcm m) t&o, li 0 , li 2 
^s>mitT«s^sE^ini/Ot {ooD ©T^^nTv^m oi)> o^o 

ctt^fcW&Jl («) TfctK LI, MJ*»ig-at, g^E^lW {0 
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i , mm&tym iob icwtKiaen?*^. li, liiitsa ioct: 

^IMffE*© fee t feM'biLjj (face centered 
cubic) £>B&l?&£o 

_tiB©BfiUB 3 0 14 fc^^«fttt*3a«»»4 0 2 1 <Z>«jfcfcbT 
tt, ±»&T»IB 3 0 13 «A«B6A75S6E*«k 
tfi7 F^7 Gfc^til:, ®W (L 1 0 mm^yt) 6 0 5 1 (@6A)v 
&tc\mB&te (L 1 0 6 0 5 l/*«tt#6 0 5 4 (0 6BK * 

(LI, SUMIlii) 6 0 5 l/$™£#6 0 5 5 (H6C), £fc 

(l i, mmm e o 5 i/*hk£#6 0 5 5/#ai4#e 0 5 
4 (06 Eh (l i 0 mmmm) e 0 5 i/#«h*#6 054 

6 0 5 5 (0 6 D) £ l> 5 t?>u t #*nJfgT& 5. 

wm&&&zfim&m$&ummjyfo\z (ooi)Eisiufc c#i^£t>o 
z.t&tm£?2>o &Tc, imm&& cu *#wu MPt (m= 

Co, Fe, Ni) Si^tb, Ag, Pd, I r, Rh, Cu, Cr, P, 

Tt^itCuO^WSiJ^fcU SJg^E^fflfc: (0 0 1) BBlnJbT 

i^f^ltCu^C, W, Nb, Ti, 

si, otza&-mm&>±&/vT'*>8:»o 

&Tc> tlW^t. Ni z Fe H ZOfSfflteO. 6 5^ 

60. 9 17?^-&^t*W*b<> $e>Kl-8PAg, Pd, I r, Rh, Cu, 
Cr, P, Bfc2**A/Cfeft^. #«ttft«B#tt» Al, Si, Ge©9^ 
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±*6Ll,a»«H (Fe, Pt) /Ll.WSia (FePt) (07 F) 
l.o &I'J8§i£ (FePt)/Ll, MWHft (F e P t, ) (07 G) ©£ 

V**t. tntt, TiftJlB 1 3© f c ctffji* icfcteL 1, £9J#!& Ll,l 

TVi<5. Htllt* 3&fcT*JBB13i:©»^a^©* 

1 0 TO^ii©cttl^SBf«J$-&^-tt)irtgT2b5. £©£#, TilB3 0 
1 3 £fttt#K6fc»#4 0 2 1 tt-»«Stt«[**DTt>*»**)*:V». 
±f3©S4£3 0 1 0 tl/TIl TJWSn^A, y^Xx 

St30 10 LTi&mB 3 0 13 ©WfcWBttJi 3 0 12 
tVTMf$-?2>ZL£ifim$iX$>Z>&. ^OtZ&M&MS 0 1 2©JMK&^ 
T&nfcTFifiJiA3 0 1 l*#AbT*<Jlfc3W*bVi. *fc, ^©»FTt> 
IfcLTftiuNi, Fe,., S^»t-r^K^ffiffl^lBT*DvZ©ttBBttO. 
6 5tf>5 0. 9 lT?*SHt* s a*b<, ^e.fc-SPAg, Pd, I r, Rh, 
Cu, Cr, P, Bfc2fcfM/Ct>ftV>. ^OtfB^MgOl, T 

ilA3 01L &SS&J13 0 12, T«UBB3 0 13fc^5«#, 
ttttR3 0 1 2, MgOl, T«iB3 0 1 3 t^JB#Tfe«J:<, <j»&Ji 
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»N 1, Fe K 0m& (0 0 1) BKdUW*"#W*bV>#, 

»jH^fcttfc*Sfc*fc* *^>©ffi^AMb, ttMHKWWK©* 
J&'tfcTO & ffl V> 3 £ t^W^&T^ 3 o 

fcfc, ttRcWtWttOBttWItWM* «1©1 0 0 1) 
««E#:©«^feK:«S'b©T?*t>^ TB©1 1 (a) lS72r£l 1 (e) I 
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11 (a) xm : mu±.izTi&m&mj&'?z>o 
fc, mum \z$t vxw-n \zttvt<D%;gk%m &&-?%Ti&m &Mf&-r& a 

ii (b) xnrAte, ft^vtMTtfDTA^—y&tisvnyvmmmm 
(Dffimiz&v, mmmzT)i>s.-v&&f&ft£Tz&&T)u$->y&$ifr£ 
m&viT)u$-v&mtt<Dmm*i&9m&£5\zmm2n%^v 

ii (c) jMimT^-v&isvnymmwiDmkTfy^v^fr* 

11 (d) I© : Mft^tCMP t (M=C o, Fe, Ni) *3c.f&frt.~? 

ii (e) x@:^i3^±{c> umm&&Tmmm&nyw&tz> a 
i i (a) : Tmmmtftxn 

mm±\z, &mfi\zttVT¥ft\zjEj3#i<DUgkmm&^Tz>Tmm 
fc£DfT-5£<h^£3. tmm\&s im^rdt2m-c%^\ &tc, muz 

$iVf%miZ, Mfa±\ZTt8imA 1 1 £Ti&MB 1 3 <D2m*Wm®M 
.11 (b) Ig : 7;^ - ^i.i/ij 3>»©»S 

mz, #sfmftmx'07)v=i~v&tz/v ^xD^ioiiiat) , m 
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mmt^mm^^^^vu^^y^^yifmz^x), t^-^a^ 
m*TT)v^~v&^vn>m&i£&f$mT&j}mz^xmw-?z>o 

i2l:^^t, 1 0 0 3^mWL> 2 0 0 a^X/ty^U hT&5. 
ft; 

®2fcjKUfcJ;5fc:, »1Si 0 0 3±tc, #¥^^i?ti»*^T^^m 

— Y2 o o 3±tc>-y n>^;/:/2 002 ^ssr^iitTf^^n^ (& 

$5, $$2(Dm\ZS i Ge&JBV>-5#&fck S i fr£G e OD)ir£>t» 

mzi%— \zfr \z\±, mWLl 0 0 3 Ki##tfcKttbT:fe< 
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5 2 0~7 0 a t omi c%T?&X). tff£l><}$2 5~6 5 a t omi c%, $ 
e{C$f^L<«3 0~6 0 a t om i c %T£>-5o n >m&&ifrZ>ifemfo 

M&bfc^KlteU M^nSl+OS i Ge©l(l AltS iGeOii 
10 £&LT2 0~7 0 a t omi cSST&tk $?£L<fc£2 5~65atomi 
c%. $£k:$?£b<«3 0~6 0 a t omi c%1?&&„ S iGePW 
5$&HF*3T&nfc£ S iGeMiCA l <Z>&#^##s#&b*:A 1 - S i 

M/toitt^ &#A 1 ©E^TOcD^VitbTS^nSo) 
15 ±m<DT)V^~Vl±£^Vuy<Dm&*7FCtiL tomic%tH 5/«Jn> 
tTJl^->>A©IiC^©$ccDSiJ^£^U a t om%&5W3:a t %t 5 bi3« 

_hJE#J'g-fc::j3^Tfct a t omi c%^fti:lTffl^tVi§^ w 
20 t%$4fti:tTffl^5i^l ->'j3>*i20atomic%^±70at 
omi c%OT©^-&^. 2 0.6 5wt%^±7 0. 8 4wt%filTt^. 
a t omi c %frt>vs t %s\(DmMfe. TJVS— ^A^HC^S^r 2 6. 9 8 2> 
^>jn>©0^*&2 8. 0 8 6 tbT7;U$r.^At->Un>©satbSr^ 
^ (Sfitb) x (a t omi c%) ©I* t % CiltS t^T^S. 
25 tfc, iSIStL/TH ^^.«2 0 OIC^TOS. 



WO 03/078685 



36 



PCT/JP03/02901 



jvo^m^^m^h. ttmmmzftM?z>o ^ott®7;^r:^A^ 

~l0nmt$5. 112 <D®nt UTS i G e £S4Rbfc«<&fcteU 

^C^LSte 1 ~ 1 5nmt*0, F«3~2 Onmt^^.) 

±m<DmzVTf$mt>ntcTJV^~v& : yv^>n&&i ooin y;i^ 

^©J^tft&Jtfcfc^TTVl'^ — ^A<D#J^8 0 a t om i c %£Ui, 0 
tt<tt90atomi c %M±i)miZh\t\ 
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t\t. SsV n>&ft<D&&m&&K.&teTz/V 3><om&tfiS 0 a t om i 
c%&>±, #?£L<te8 0-9 8 a t om i c%, b< fci: 9 3-9 

8atomi c%ffiUi. ^2©^<!:LT, S iGe^Mb 

fc^fctt, ftftA lg&#©jSffl£:&DB^^<5S i Gemfrommz, S 

Arfc£©#a©5rc*&"&^TbT*><kV*. »tLtfl SiGegU 

^O^^JtlCfeViTS i GeOfiJ^8 0 a t omi c %U±, £P£L< 
li85~99atomi c%©TOWtUK) 

n3o ^^b<«, dOt^©tt^T;P5-^A<DES«l~9 nml?a5D> 

§M#:^2 0t?5:5. U n >lft# 8 te> Al x S i <9M^Sfc£> 
©#W£bHo x = 0. 0 1~0. 2, £?S;L<«0. 0 2 — 0. 0 7^t„ 
(ft*3, »20tmtl/TS iGe^l^ldl fetfA 1 ©{S^tel 
~15nmT&9> -^<Dtt#A 1 W©raiHW:3~2 0 nratfeS, cn^OiS 
%tmm\ZA ItSi tGe tCDW.f&tt.frZfrfeZnZ. 

$t£%mm&%t>ft2 0 £.1&Z>o MfcmoS iGeWfl A 1, (Si,G 
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e ,. y ) ©j^#&fc*©jwt:b<, x©$sateo<x^o. 21?, 0%. 

L<RJU 0<x^0. ^cy©iB(iO<y<lT$^ O^y 

^ 1 t*r & c t t &"5itre&£o) 

11 (c) X@ : iiMtcm^^t. 5/U3>»»Wftt**XS 

i^TOWSftia^ £tt7;V5~*A##$»tH2it\ |JM&»I?L£JB 
j£-T5. HflDW'&fcfck 5/U3>*»BIWi«flItBMbSn, (Al, S i,. x ) 
O y M (X=0. 0 1-0. 2) f|2©«hhLTS i Ge$ 

S iGeWHiift«$tl, (Al, (Si,Ge 
. ) , ) O,. T0<x^0. 2, 0<y<ltW. £?£b<te> 
0<x^0. lTr&O, y©$£B«0^y^l tT^>21 t%>^PtgTfeS.) 

11 (d) XS:t^a4»fcW^#®^*^tf^*3fi**^*^> 

M2^?L4>fcMP t (M=Co, Fe, Ni) fc£jfc#&*r*»0* 
«#tCct^^b^^7--;i/*ff^>Srait^^cfft@2lRlb/cL 1, % 
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^.SfcfeRTA (Rapid Thermal Annea 1 ing) CiO 

j:©x@t«> imiwzmzmMmvMP t <m=co, Fe, no 
6 &<5a&#£*3rrsxg x t> £ ^„ 

>F*9U— , . 3D^^;W3^U**&fli^fc|ll«W**|||U ^©Rms (2 

11 (e) Ig:K«BflUl±fc:* «M**rWilHi*«Jfc»ritr *X« 
Xlf>3-h, &fc\tmmVT3\&±Vfttmz£VBl£?ZZ\£:&&&hK 0 

K*jRD»#aiWK»'sy h 8 o 6 3, *-fc£©rawH*sat, 
K©*tiw^tt*fe©*ett&va. ^> 8 0 6 2&^cfit^n»& 

8 0 6 5 tt«-9«La». 8 0 6 4 tt«SC\y 

»fc, ttAGftfl^S9 0 7 2^(C^^USP9 0 7 4fcStJraS9 0 7 3 <h 
Si9 0 7 5tmHlM9 0 7 6fc>tn6*SE«*r*E»9 0 7 7ft» 

m«9 071 kzm&rcmmmmmw&j&^zztitf&w-e&z. mmmm 
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(fg 3 <D%wm : mmm\z& i s i *mm) 

mmmmt) ^ m%mmn^m. ^^zummmmn^mm^m^tc 
mm@m£im\z^TmwTz>o m\z. Mmmtm\zm^2mmmmm.Bm. 

±wzMR*mtt&\zmm.mmm*m< vx^ ^<Dt^w&. 

htm zz>o z. 0Tc®&*xn^ttfamm.mm\zKt> ^ xmm <omm 
% < £nzmmM^B&tt^tt?&^* s & M zftt>nx^z>o 

m'Mzm&nowpfimmzMMx%zz\£$m?t-x$>z> 0 mE, mmmm, 
m t. i.x : £(Dji\zwm&-&mmm*m^z> 2 m?-i 7-t)mm-2nx^z>o m# 
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nws. z\n\t, titti+c^fii-siKDMfc^^n?^^ 

4B- 1 4BTl0ofcgf®gll4BI:^n-5ct5^^7-a7 
-Ml 5 3 4\Z?Z>Z.tl~T:ffi;m(Dft&&f3L<-r (#g§ 2 0 0 1-1 0 1 644 

1 4B^-Ti5^att^^l 5 3 li«tt#:|fg^l 5 3 0^^ 
014 AiZTxTk -5 tzm£ J &%L : ¥<Dm% 1 5 3 2 <ht&&f£*£? CDfSRI 1 5 

&mzmm^fo\z&^frmttffim$w&^z.£&M,mvfro z.<Dm&. mm. 
izmm^mizfemmt m cm £ <o&vtim&mm& u t<o^ m B&m 

W1=>, *mMMmz&^T\*. tittl^MtSMtUTs Silent) 

^b7ofijg# i ooi *mm~rz>o 
&tf, ^mz^mmmm\z^mmz^xmm-r^o 
m 3 ommmz&z>mm. mm±\zmm&m tmmm*m?%mmmm 
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mm&'g&Mj&izftTteZiit&mkt'rz. z.cx. mmvkmz, mmmm 
m 3 \z&^x. 3010 «s^v 3011 u.ymmA, 3012 t&ttttttJS* 

3 0 13 fcTFtfUlB, 3 0 14 telBUJl, 3 0 15 ttftRff* 3 0 16 mm 
mT*&Z> 0 01 5 Amtl 5 Bfc*HT, 1 6 2 0H«ttm 1 6 

2 1 1 6 2 2 \$mtk$m&&<Dm&. 1 6 2 3 tt&Rtti&tt 
#©raPST&5. Bfl 5B«il 5A©il 5B-1 5 BXW-otcmffimX$> 

SIS 3 0 1 0©±(d, IfcTfl!lA3 0 1L D(lttl3 0 1 2, Tift JIB 

3 0 13. Gftl3 014, &mm3 0 1 5&«J;tffimJf 3 0 1 6#sgBB£ft 
T&tK 4$K:4Mtti£JI3 0 1 2\Z^X\t, M l 5 ARtf 1 5 B Kl^f «fc 5 \Z, 

im&mmi 620 tmwcBmft 1621^ s&tK ^ne>&ttt&&#a>ie 

6 2 2/&U-9 nmOl£fflC0i^-rn^-e> a«tfc«tt#©IHIIHl 6 2 3^ 

3~i o nm(DW.m<D^'fti-fr<z)fcxmmznT^z>. fete. z\nt><oikm$. 
mi\z&n*m&fti o o i®mi<DW®£vxT)vs.=.v&. m2<ount 

>M&fc%mm-rz%i&iz'?^xMW-Tz>w> ->un>^x.xs iGe^jg 

±IB©TS6JiA 30 1111 *K 3 0 10 £ftfti£Jl 3 0 12 i©P^fc^!tj- 
3&^tOT4#l 6 2 1 ©Jgj£fc:j5V>T> ttj*T?ff«t««^fctt«ita 

D, ^o@B»&$iJPT§fc8?)©^fiJfefi5e:tW*b^. pt, P 
d, Cu, AgS:2S^tb^JBJBI*fflV^Ilt*«F*bV^ £7c. 
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±B©T»JiB 3013H mm^m 3012 tmmm 3014 tom\zm 
sKi^ttsftiiiii-rsfciexostdSffl^cifc^*^^. pt » pd - c 

1 1) ®> (0 0 1) ®cD«k5^B3lRJtt^^T*<ca:^$f*UVi. 

&Tmm t vxm £ t t>*rtre& 

16 2 1 ©&ttWKtt#WU CoFcNiF e&^&teS^tfBFSiU*. 
*Ittf^l6 2O0v' l J3>^H Al x Si,. x (x=0.01~ 

(Ai, s i H ) , o,_y (x = o.oi~o. 2) Xs y0)^t^\zm^rT^ 

*>0)X\t?3L^o 

. ±f30ffi»H3O14fck Co 50 Pt it , Fe 50 Pt 5(P £fcf* (CoFe) 50 
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vtfr s & t> , a^a* mm&m 3 ~ i o n mommT^m^ntcmm^ e» 

frS©j&t#3;b^. KflkBfcUT* M,Pt rt (M=Fe, Co, Ni) 

04>&< £%i^£^^M£ftTVvrfc«ki>.fc::fe. x©iBtltll 0. 

±B(D&mm 3 0 1 5 #iCDLC (^-fV i t>H9-f 

±l20^m® 3 0 1611 /N-K^X^fcM£ft5rt?S£&> Sfctt^CD^ 

mate Efr S 36: a tf>aW£ UVi. 

<Sia«^lBB»i*#:<Z)«jfe*fe> 

WU TIB016 (a) ISM16 (d) XM^TZZ 
16 (a) IS: £ttUfcTa&JBA&JBJfrrs. • 

16 (b) Xg:#tfc* ^W^TCDT^an^At^UnXDlWJNfit^ 

H o a t? «fc 5 k iv u ^ > * t t a *^ £ mm 

-ra. 

16 (c) XS : 

$ 4» a RMHfrft: k: «k 0 7 ^ a n # A £ *r a ft &ft ® & 
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• 1 6 (a) :T%H^xa 
*ttuhfcT%JBA*»^rrs. TifcJlA©fi£jg|fcju Pt, Pd, Cu, Ag 
Ufc&JRK*x/^* y >^JSfc«k B, »fifcf seiche* l/V>„ 

tr>Ttt. ¥a«criajRriBT*n«^g:*3«^s^ < , x/^ y ^ y > ^ \z 

16 (b) lS:7M^Ay'Jn>iMl@ 

012 fc^T&fc, M3 0 1 0±\Z&J$VtcTMmA 3 0 11 (Z)±t, * 

0> 7^$-^A^'Jn>I 1 8 3 5 $Mt5„ '7M^A^'J3>I1 
8 3 5tt, T^ri^A^^iT^ia^^^ST^^^^Afe^^ 
1 8 3 7 -^©^fflCD^U 3>S^^fr«^y3>flll«l 8 3 8^S^ 

V>T> 1 0 0 3*>*g&, 2.0 0 3&X/Xyjnj>4f9—ry hH&Zo X/ty 
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zctifin&Zo m2\ZTjkvrc£.5\z, itioo3±n, gmkij&ctt 

— h2 0 0 3±lC^Un>^y7°2 0 0 2SEt5i:iTl^n5. 

\z\t. mfaio o sizMm\zmmisT&<<D-t)^\ 

T;i/5n^7A^-^^ bt'>'j3>^y h£S"J*fc:J8;lcU HP£fc 

20~70atomi c%7rfeD, $?£b<&2 5~65atomic%, $ 
e.OT^b<«3 0-6 0 a t om i c v'lJn^id^SiH^ 

-e^n«> i/vx>mmft\z7)v$~v&<Dmftmmm*ftmvtcy)]ss.~v 

^r;i/$-^7A©it^l~l OnmT^D> B>1ffiite3~l 5nmTi&5. 
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±l20«l^bT^$nfeT;WS^A->Un>Sl 8 3 5H 7;U$-<> 
0^>j3>M^tt5'>U3>Utl 8 3 S*mXZ>* 

ffi0fcftmfcit\Z&\,*xy)is$-V&(Om&&8 0 a t om i c XRL, 
I<(i90atomi c%&±tm%.lsb\ Z\<DM&. mzm%\zmm-?Z>]& 

ftM&vc\zu-ox^z>z.}ii)m^x%>z> a 

8©m^«, ^un>^i^i:t5^ &&ffife<DWMwmmmt>nx\,* 

43, 3£J&fr £ te, y U n >®^©^i^^Jt fc^T^ U n >©m-&^ 8 0a 
t omi c%&>±, $?£b<&8 0-9 8 a t omi c %, •&t>\Zft%.V<\% 
93~98atomic%A^Ui. 
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«>ij3>I*l 8 3 8, i-fc.frS#HKtt««fck Al.S i ,- x ©aifc^s&s 
0>#HF*bV>. x=0.0 1~0. 2, »*b<»0". 0 2-0. 0 7S*t. 

i6 ( C )ii: a««jfi»^stt*«c«tt#te«»*r*xe 

TfclS£a«fc<» 0. 3mo l/l~7mo 1 / 1 *Ti8T'&3. 
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££j&*T#5„4#fc, CoFe.N i Fete©^©;»$^TW^-e&&. 
£©££, Tm/1A3 0 11(1 WK©o#©£#fcfcMtS£l/t\ M*8¥£> 

i6 (d) xg : mm&m±\z, msB, ibm* ftgji-££tfjRttJB 

Wk-JStikX, Itt^Co a P t„, Fe 50 Pt 5(r (CoFe) S0 P t 50 

**«®iC^ViT«, J&igMl£^T&K:l&bT±j£©A 1 S i 

mmftttm Ltcm&ttmw vrz&. ^om<o^m^mmm &&%z. oa 

*^Jg^^{C#§Sil^l3^#:«, ami3#M^@ t UTffi Kite, 

a 8 fc^-rj: 5 \z. ±mmmmmmmt s o 6 1 t) 
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U\Z, i^fai^Sfi 9 0 7 2Umz^^)^9 0 7 4 t^.M-^9 0 7 3 t. 

ti9 0 7 5t^gpxaj^9 o 7 & t^n^^m-t^>mm9 on*m 

^CDif-fe&TfepJtgTfe^o 9 0 7 1 -5. 

£fc> *mMMnizmmx&z&ftnmz!&mzfoCTmbm-e&ti}X& < , 

*$mmz&^xfe, mi*m^xMWLfcffi&&i o o i>&> 
iooo zmsorci$ft\zmftttm&ftmvxmy£7>U7>&ftmvtzm& 
\z~Di,>xmwTz>o utx\*. o o i\z&^x. &vt<D$m*ffiffcr 

^fc*^^^i^^ra-r^^ wtm<Dmr>&ft0mt*Mw.mzmmmm& 

&<D±x<Dmmffl\z&^x*>fstnx%>z 0 
irf> xKy?v>>fm&m^x. %7zm&±izp a 2 0 nmMirc 

±(C, A 1 S iMTtitZS 0 nmSEit&W^ibfe. C©if, A 1 S 

&W7)usi-v&i)mffimm^mziL~DX&y). ^omm&m 

5 «fc 5 \Z is U 3 >*JE«$nfc»ii#:& S B»KJ fc« LT V> 5 e: t« 

^'J>i5wt% (it«%) k:«»bTs 7;v^~ , )AM§xyf>^ 
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A 1 S i ±;&-)l>&ffiWL. mm-0. 5 VTfrofc. xfc 

to*, t < \Zs frmm-vte < wmtzmmmmiz o . oosmoi/iig^ 

mytM£VT-H.e-CdU~-*?3 2 5nm»U ra±®^e>, -D&.X>± 

j i£-Mzms\zjMtt. mcjjmz^o&yt&m x> m vr^ 

i>m&&m\z&m?zz£imjm'e&tz. z\n\$, a i s i3-y*-Mz&o 
m&mov-'t x mm* ns n 1 1 was ucfc d , *-;i^j-f xt^^s & 

(^2:ittT/H7) 

#7X^£JbKP t 2 Onm^j^bfc±JC, A 1 S i«j|#$5 0nm^ 

4nmT€-*©FBllTO7nmT&^fc. cn^r> i^7Kit7mol/l> 2 
OE+.fcT, «BE2VSHIlPUT»tt»ft:*fT«3&. ft#7;l/^r: 

^A»^Ksfic*n, ->un>aj»3Wft:$n; awLs^rr* (Ai t si ,_ x ) 

,O^JK)WJ$!GSttTV>fc. iinStt, &'P<Dffi*>€\$&Z>h<D<D*.= 0. 0 1 
Mlmol/1 •tn?2$HHI£i*U flWB?L©iac»©^— fb£frofc 0 ^nT, 
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3ft— )vmB\z\,zp tjg#«tHLTv>*cDT?, zLft&nmtvxm&wRonxt 

&"fs N i F e ©5t*t««r.^^r;i/ (II) 7ttlM (II) 
7 7kmm&l : lTi&&U&fe0&«JBU 2 4'CtAg/AgClWc 
MUT-1. 0V©«JE^H3JPLT«*bfc o Sfe. FePtCtfdt Bit 
BNft (I I) 7tKMiO. 3mol/l t6t^l?0. 03mol/l§ 
1 0 : 1 ©g'&ffctJte/B U 2 4^ g/A g C 1 #Iil:^bT- 1 . 5 

10OegS©^*^tU «t«tt»5&:Wtt*^bfc. FePt^l 
&teTr.-)V%m\z£ *>im&&4k2M:1ttt:ti>* 1 3 k O e OWMffiMKMls 

iD^IiCuiOPt, Pd, Cu, I r, RhSSRU #5nmgiR 
KU»UT^TK:A l S i^5i#:(A 1 50 S i 50 i(A150atomic%> 
S i 5 0 a t omi cXOffijfc)) £2 0 Onm^LfefeO^itfe. 
X/1y^U>^-^fM:lt Ittg4-r >9=" (1 0 1. 6mm) ©TO© 

£JBV>fc. */ty*y>^*frtt, RF«JBSJ1^T> Ar$St»: 50scc 
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mu mm&tl : 0. 7 P a, SAf* : 1 kWtbfc. 
(2 5*0 ttfc. 

fc©"e«ft<> X/Vy;*U>^:£^£»fcU AlSiHom^^f^ 
«*«7rao 1/1> 20 t C*KT> HJEE 5 V£f»bT|S§@ 

BMbstu flaBffLswrs (ai,s i,_ x > ,o H «*w*snfc. ;ms&> 

#*!>(D3§£>#te:&£ ! b©£>x=0. 0 1~0. 2©^HT&£££# ! $J&##T 
bfco TKK-ffc^- b «>^A*iMft 1 mo 1 / 1 2 #F*1Si»U 
«WBI?L©KfiUO^-fl;*ffofc. Pt, Pd, Cu, Ir, RhJg 

«^*^E^»UT (0 0 1) ^KSBftUT^tK ±y^-;l/JS^ 
fcfcV>T&*Pt, Pd, Cu, Ir, Rh®j^ffiUT&#ftSlgft£&o 

fiA±, ^ibTTil^Pt ©KHfcWBttflrCfcSC o PttFeP 

0 0 3mo 1 / 1 7KMi£ 5 m 1 t> flffifen/Wh (I I) 7#»4&0. 3m 
ol/K «30g/l> il«T^>>A7*»ll 5 0 g / 1 ft5 ft** 
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}Sjft2 5mlSI^U 2 4t™i/&, FePt©t*m ±IBC o P 
t©if©]»3A*JVhMlc (II) 7 7mmo. 3 mo 1 / WzVfch 

mMU. ^iiO^CTWtUTAg/AgC 1 ^^t, -2. 0 

5 V> -1. 2V> -0. 6 wmwv?s.tfz>ff^rco 

M«tltUb^:«#%^^bBtDi^V^o ZKDUSK ^SORmsttlnmH 

&±©^&«5M&ffiSj£«^Etttt (FE-SEM) TfiSrr£t»L 
io CCoPt, FePt #-£n-£ti#SELTfc Wfli^6©WEK:J: * 

15 ^2 





-0.6V 


- 1.2V 


- 2.0V 


Coffin 


0.09 


0.52 


0.80 


PtMj& 


0.91 


0.48 


0.20 






-0.6V 


- 1.2V 


- 2.0V 


Fe« 


0.06 


0.48 


0.77 


Pt&j£ 


0.94 


0.52 


0.23 
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M±fr*>. -0. 6 VTif Ife^SC o1>F e © Wfi<, 

-2. ov^*3v^x«+^#<, Li 0 ^sij^ii<Dm^e»^<mT^ 

fro -1. 2 Vfc&vvn*, $(:CoPt, FePttfetf cc (0 0 2) 
-1. 2 VT?«3tU;fci#iBf£, CoPt£7 0 0*C, FePt£6 

vx^mrnvftumiz^x, coPt, Fep tth\zLi 9 mwmjt (00 

I) t (0 0 2) ©fc?-^m^T#fc e CoPtfc^tAT, JCPDSC^ 

^>^*^©iHijf3tsjtT^iEf § 7 8 %t>mwLmm.-%m\z c 
fc, t^ji^p t (in) mx&zm&te, l i 0 lutiocopt (1 

II) ^ffi5feW^n^Cli:^e,t), T^feS^P t (0 0 1) lZ? 3Z:£T\ 

l i 0 mwmm<Dcm^^mm^m\zm^m\zm^^z\tiffmmx^^o 
(.mmm4) 

^mmmxte, mmm&TmvTmmtmmffimx&zm&iz^xmMM 
3 tmuowfezn^fzo 

STF^ Ti&MtVXF e P t ^fflV^^jtcO^T^-S. 
SiJtj|(DFePt5nm(lf) L 1, ilJI^CuP t 5nmt, L 

i, iitjioF e p 1 3 5 nm%*n*:nm*izf$mh, Jtom-^xizz. 

/ty^U>^{CJ;DA 1 S imi£ft&2 OOnmMlL 

mrnvtc. mz, li 0 mim^to)^^ t(Dcmmwmu^m\zm^ 
x^z>z\2i*mmvfeo 
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%QM0. 0 0 3mol/l7k»5mlt,«(II) 7**n^0. 3 
mo 1/1> flimsOg/U M^^->^A77K^5 0 g/lfrBKZ 

BUOlfll't'tTtillltbTAg/AgC 1 *JSV»T, -1. 2 

X*lil*r^0l&ft* iCfccl»-FePt (0 0 2) ©K-***b 

£fifo£ 0 t^t, Ll,«HttFePt (0 0 1) t (0 0 2) 
*tJfc&*L J CPDSC»5«^OB*f»fl»«t5t^*«)8 0% 

1 o MiF eP tOc ttjWSfeRSEjjFWKlESrr * - fcOTIBT?**. 
(!?»J5) 

giroi 3 (Dwm&fc (l i o mmmm.) eosi©^ (aeA) ewic b q 

BOffitt&tt (Ll.Siii) /«fl=6 0 5 4, *fcttH6C0**tt 
#(L1, 8&M'J#tB) /«te#6 0 5 5, *fe»H6D©BBKtt# (Ll.I 
gHftifi) /#aH£# 6 0 5 4 6 0 5 5, Ucfcte® 6 E (L 

i 0 .mmmm) /mm.m o 5 5 6 054, *fc«H7 f©« 
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(LI, mm&) 7 0 5 6/®i«#: (L 1 0 ftgiJAtig) 6 0 5 1, £ 

tc\m7 Gommmte a i 0 aaiajft) eos l/ratt* ai, mm 
it) 7 o 5 e>un<Di&m&tz>z.t.ifi*sm-(?%)Z>. 

tK?. MMM 3 «fc -5 KitBftJB OT^©TJi« (CPt, Pd, C u , I 

wftoBBi^itt, Tmm<D$.&mcnT&v. (ooi) sjcsiRib 
#»tuxp t %nm"?z>itib\z.i&.<t&&wt 6 ^so. 

0 3mo l/l*»»ftttfflU 2 4'CTAg/AgC l«HMUT-0. 
5 V©«JE^WJ)UbT««rb^:. 
WKttfrtLTtt, NiFeOTU Jtt— ytr)V (I I) 7 zKfP$J<i:J8St 
(II) TimM&l : lTg^U |^b< 2 4*0^8^8 0 1#M 

±IB(OP t tN i Fe©itf5; 1 : 1 0T}g£-b£:tg-&*r?, Ag 
/A g c l «l^bT#lW© tf (i- 0 . 5V, wm.'&Wmoyii^ 

mtfcc (0 0 1) SBlSlLT&D, J CPDS0^*ti^S<DIsJ»f^T 

^isitc: f c c (o o i ) BEiBjLT^s zl tmm-c&&. 
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Sfcfc, ±»T?»6n*:*frT?*ft©Jite««tt# (Ll 0 «fUJ«j6) 
§FePt *aiJPbfc*'&©X*l|5|*ffc:J:S»**^*r. F e P t ©«3tf^# 
W£ESfc09 3* 4 ICfettSMWfefr- 1 . 2V£AV>. «RTA (R a p i 
d Thermal An n e a I i n g) T6 5 0*C2m i nJPS&LT^S. 

5 unfa, *«tt*fctitt«ttjii:©ffisiiJt**ir^sfc8e)T?**. 

mx.t&&Atoa>P ttFePt ©fflSfeffcrfiSJi^ 0 7 G©«fc 5 £ 
i^-a^bfe. F e P t ft— T&< F e C tT, 

io d«L i o Mwmmo^fz <> li, mmmm&&7--)v<D$h%rcmm.'? 

L 1, ^lij^jgF e P t, fr*><Dmm\f-?\ZfS:<. L 1, £ftJ4ft&F e P t j&» 
£>© (0 0 1) £ (0 0 2) <E>k!-^v»e>n> (0 0 2) gBlBj©3£S£ 

15 ft»J£LT, Jttt0!&l ibfci#©it^3^T. 



S3 





Pt©* 


NiFe©£- 


Pt/NiFe 


NiFe/Pt 


Pt/NiFe 

mm 


NiFe/Pt 


1 


1.10 


1.03 


1.02 


1.02 


1.01 


1.00 
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t (0 0 1) «5tt»WMts8L -awWbLTV^, ^KMtlbW 

S iltlHTilMgO (0 0 1) ffi±fcN i F e$m&m&mm2 nm\Z 
PtT«UIS»*l/&^ X»l§l»r^63S«Sit*I^Ki (0 0 1) SB 

S iK&HEBta. ^«7mol/l«*W [ l ] t2 0 , C, ^Jtt«£E5 
VTffVi, B«»©»#&»1*U*:. FE-SEM (Wftfifc{BgE£3HI 

$ st, i2#s©»^tcL i , mmm<DF e p t *»j«bfc«, &mm 

Vp^^y}*^ (DLC) &JBtJ|t4nmK:ricBtU PFPE (A 

B»lfy>'lia©^««©#«[ffiT?**PW5 0*JIB3eL/fc. ttOtt 

i. o3T^^feo bfc^^T, wmmsz.&v^v b*^£>©ra#j£#^ 
^otv^h 

R_h#6* TilTCN i Fe«C«tt#»*#AT*JliW:#5tt-C**Ili:*J 
• (£«0*7> 
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tw&^y h s o e 3 tmss.'w mmm o 6 a tmnmmm o e 5*> 

(HWJ8) 

^i2> mmm7\zmm(Dmmmmn^mm9 07211 **<^uxn**Riti 

9 0 7 4 £*»SP9 0 7 3 t^Affi*»9 0 7 6 £**9 0 7 5^ -^^» 
§:3fc<E«l9 0 7 7 &4MA««9 0 7 1 fcJKfc&««*flS£B£^Jfc*5 

t-UffcPt, Pd, Cu, Ir, Rh©^fW^t> 
LT (0 0 1) IlSlTOStfclJtWIbTiD, ££»fcPt, Pd, Cu, 
I r, Rh©^-m^©*«tt#*» NiFe**tt#»fc«*t*Se:fcfc:«fc 
oTLl.lMMPt (M=Co, Fe, Ni)Wtt#©S^^ 
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mum 9) 

ilCMgOl^MlfcS i3£«±te:, W>y?mmmz£r)&&mtC 
uiOPt, Pd, C'u, I r, Rh^U 5 nmgij* ML, 
X\ZA 1 -S i Geffim&&2 0 0 nmf£]glbfcfc(D£2p{i Lfc. CI<Z>ti^ 
AltS i Ge®«, ^ifc^LTS i Ge^3 8 a t omi c%l?&o 

^A>y.^iJ>^- Mctt, ift&4-f>^ (10 1. 6mm) CORJ^O 
A 1 ^-^y Mill 5mm^0S i ?-y 72tit£G e^y? 2#i*ttmz 

50 s c cm, nMEEtlO. 7 Pa, SAi*3 0 0WtUc. mffiM 

3*1^ ^>^'J>»iat)flbU Al-SiGe*ij£ 

Wffi^m^OS i Ge^£»E>aK:&nfc?J:Vi. ^— hfcLA 1 

^~$r*y h±\ZS i <tGe^!y^S^ ! fe©fCfS^-r^feOT«75:<, S i 
Get?— try h\ZA 1 ^y:/£«V:>/'ct><E>Tt>&V>U A 1 tS i iGe^i 
Mtfct>©T i fo^Vio S i Ge(D^^A 1 $—?y h±tC®ViTt> 

£©<hi^ A 1 - S i Gel©» Bl 3 \zm~^ 5 fc&tfA 1 

Bm^W^^bTV^dt^a^^nfeo tt^A 1 ©E^«6 nmTf#^(Z) 
F«1.0nmti&-Dfe o CM, M*M7mol/K 2 O'CpfcT, 
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S i GeBftOmfcisn. m*ffl?L£W-r3S iGetM«$nx^fc 0 
dtlS>«. ^<MS#te&<5 ! b<Z>CDA 1#$0. 02^x^0. 2tt*nT 

2#BU§«U M?L©jS^^-'fk^ffofc. P t, Pd, Cu, 

I r, Rhj^«&*g&Stt#lpHC;ftLT (0 0 1) ^IbJ^SBIrILT^O, ^ 

;*-)vm.mz&^T&*p t, pa, cu, ir, Rhw#^ajLTiy!?& 

f^0»l<h tTTil^P t ©i&m^^4#l:&&C o PttFeP 
t^m^fc^bfc. r^T?, CoP tc/)tt*tc«,^k;a^m67k^0. 
0 3mol/l*^5mlt, ISRn/Wb (II) 7*ftltJ0. 3mo 
1/1, «30g/K H»T^2/«>A77K*l4&5 0g/l*^3a:§*» 
t2 5mlSl^U 2 FePtOttm ±!2CoPt 

«5tfc£, ^±©it4>fcT#IItlTAg/AgC 1 -2. 0 

V, -1. 2 V, -0. 6 VT»L&#<bfr^fc. 
$ 6 fc> Ctl 1 / 4 u m<D^-i > FX 9 U -£JB V>T3tM 

a±©«»**^ttfflSjfe3lE«?»«« (FE-SEM) TrWtfrstlEFL 
CCoPt, F e P t ^n^tl^LT^ D , UrM^ & ©m^ffc £ D ^7 * 
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-0.6V 


- 1.2V 


- 2.0V 




0.08 


0.51 


0.78 




0.92 


0.49 


0.22 






- 0.6V 


- 1.2V 


- 2.0V 


FeM 


0.08 


0.47 


0.76 




0.92 


0.53 


0.24 



-2. ovi^^tit l i 0 mmm&om&fr&jz&^tiT 
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